Research groups are increasingly utilizing value frameworks, but little is known of their reliability. To assess framework concordance and interrater reliability between two major value frameworks currently in use, we identified all previously published datasets containing both scores from the American Society of Clinical Oncology Value Framework (ASCO-VF) and grades from the European Society for Medical Oncology-Magnitude of Clinical Benefit Scale (ESMO-MCBS). The intraclass correlation coefficient (ICC) was used to assess interrater reliability. Four eligible studies contained drugs evaluated by both value frameworks, resulting in a dataset of 39 grades/scores for discrete drug indications. ICC was 0.82 (95% confidence interval ¼ 0.70 to 0.90) for ASCO-VF and 0.88 (95% confidence interval ¼ 0.80 to 0.93) for ESMO-MCBS. Absolute concordance was found to be 5% for ASCO-VF and 44% for ESMO-MCBS, increasing to 74% and 80% when deviations within 20 points and 1 grade were considered, respectively. Interrater reliability of ASCO-VF and ESMO-MCBS is, therefore, near perfect, while absolute concordance is poor. This has implications when considering framework outputs in drug funding or treatment decision making.
Clinical value can be challenging to quantify, so value frameworks have been created to objectify therapeutic benefit. Various cohort studies have attempted to evaluate the congruity between two important frameworks-the American Society of Clinical Oncology Value Framework (ASCO-VF) (1) and the European Society for Medical Oncology-Magnitude of Clinical Benefit Scale (ESMO-MCBS) (2)-finding discrepancy in their outputs (3) , as well as overall fair correlation (4-7). Their reliability, however, is unclear: how consistent are framework outputs when calculated by independent users? The aim of this study was to assess interrater reliability and absolute concordance of ASCO and ESMO frameworks across research groups.
A PubMed search was performed on August 30, 2017, to identify all studies that scored/graded trials based on the ASCO-VF and ESMO-MCBS. Studies were included if both ASCO scores and ESMO grades were systematically applied to a cohort of anticancer therapies, and outputs (ie, scores/grades) were either 1) included in the publication and/or its supplementary appendix, or 2) available to the authorship group because of direct study involvement.
All corresponding trials for drugs subjected to framework analysis were tabulated. Individual ASCO-VF scores and ESMO-MCBS grades assigned by the authors to each respective drug were abstracted by two authors (S.C. and J.C.D.P.); any discrepancies were resolved. Inclusion criteria for the final dataset consisted of drugs for specific indications that had both ASCO scores and ESMO grades, rated independently by at least two different study groups.
The intraclass correlation coefficient (ICC) assesses the degree of consistency between ordinal, interval/continuous, and ratio variables and is defined as the ratio of variability between subjects (ie, collated framework outputs) to total variability (8) . ICC values range from slight agreement (0.0-0.2) to near-perfect agreement (0.81-1.0) (9) . ICC was assessed for the entire study cohort, as well as for the subset where scores/grades were derived from a single trial. Absolute concordance was assessed by calculating the frequency of studies with identical scores/grades from all assigned scores/grades. As a sensitivity analysis, concordance was also derived from the cohort of drug indications scored/graded from single trials. The frequencies of deviation in scores/grades were calculated among raters within 610 points and 620 points and within 61 grade and 62 grades for ASCO-VF and ESMO-MCBS, respectively. Statistical analyses were conducted with R 3.3.1 (R Project, Vienna, Austria).
The initial search strategy yielded 40 articles, 36 of which did not meet the inclusion criteria ( Figure 1 ) . The final cohort consisted of four studies (10%) suitable for data extraction and agreement analysis, two of which were studies previously published by members of this authorship group (5, 6) . All four studies utilized the revised ASCO-VF (1) and version 1.0 of ESMO-MCBS (2).
The final cohort comprised 39 indications from 36 drugs ( Table 1 ). Approximately 25% of these drug/indication combinations (10/39) consisted of scores/grades derived from more than one trial. A sample of grades from the ESMO authorship group were included in the cohort (2); no "gold-standard" scores were applicable from the ASCO authorship group.
Interrater reliability was found to be near-perfect for both ASCO scores (0.82, 95% CI ¼ 0.7 to 0.9) and ESMO grades (0.88, 95% CI ¼ 0.8 to 0.93) in all settings (Table 2 ). When drug scors/ grades derived from multiple trials were removed from analysis (n ¼ 29 drug indications), ICCs were similar: 0.89 for ASCO-VF (95% CI ¼ 0.72 to 0.92) and 0.9 (95% CI ¼ 0.83 to 0.95). Using the ESMO-MCBS definition of "substantial clinical benefit" (ie, grades B, A, 4, or 5) to dichotomize authorship grades, ICC values were similar: 0.84 (95% CI ¼ 0.74 to 0.9) for all drug grades and 0.89 (95% CI ¼ 0.80 to 0.94) for drug grades derived from single randomized, controlled trials.
Absolute concordance among all authorship groups' final ASCO scores and ESMO-MCBS grades was 5% and 44%, respectively (Table 3) . For ASCO scores, concordance increased to 46% and 74% when respectively assessed within 610 points and 620 points; for ESMO grades, concordance increased to 80% and 90% when respectively assessed within 61 grade and 62 grades. For the sensitivity analysis, concordance was similar when derived from drug indications scored/graded from single trials (n ¼ 29 drug indications) ( Table 3) .
The increasing interest in quantifying the value of anticancer agents is becoming justified by mounting evidence that these approved drugs have little to know correlation between their cost and efficacy (5, (10) (11) (12) . As such, understanding framework reliability is essential. In this regard, we have found that: 1) interrater reliability by ICC is near perfect between users for both frameworks, while 2) absolute concordance is poor, but greater for ESMO-MCBS than ASCO-VF.
Although studies have previously shown near-perfect agreement between users assessing a single cohort of trials (6, 13) , this is the first study, to our knowledge, that systematically assessed outputs from ASCO-VF and ESMO-MCBS across published works. We show similar findings with respect to ICC. Comparable concordance, however, is only established with deviations of 1 grade for ESMO-MCBS and 20 points for ASCO-VF. Although the clinical meaning of these deviations may be apparent with ESMO's definition of "substantial benefit" (ie, grades 4 or 5 in palliative studies and B or A in curative studies) (2), a change in 20 points is ambiguous by ASCO's scale, particularly given its condemnation of direct score comparisons (14) . Nonetheless, support for this degree of deviation is found in our previously assessed cohort of 111 drug approval trials with a median ASCO score of 22 (6): A deviation of 20 points about this median would exceed the interquartile range identified in this cohort (ie, . Overall, these degrees of imprecision in scores/ grades may have significant clinical implications in framework utilization.
The differences in concordance found in this study are likely a consequence of each framework's inherent scoring system: continuous ASCO-VF scores vs discrete ESMO-MCBS grades. Despite the concern that scores/grades derived from more than one trial ($25% of the cohort) may result in reduced reliability, ICCs only marginally improved when these studies were removed (Table 2) . Nevertheless, the discrepancy in absolute framework outputs remains problematic even when indications evaluated from more than one trial were removed ( Table 3) . Causes of discrepancy (Table 1) are likely the result of differing interpretations of toxicity and quality-of-life benefits, while improved concordance for ESMO-MCBS is likely due to its relatively finite outputs. Framework authors have recently made efforts to clarify technicalities (14, 15) , but future iterations should strongly consider the publication of formal measurement studies (eg, interrater reliability) prior to framework distribution in order to adequately evaluate measurement characteristics and minimize user errors in framework utilization.
This study has limitations, the most significant of which is its sample size; however, value frameworks, and studies Search results and articles reviewed n = 40
Study cohorts suitable for analysis n = 4
Did not meet inclusion criteria n = 36
Framework publication (n = 1)* ASCO-only scores (n = 4) ESMO-only grades (n = 9) Neither ASCO scores nor ESMO grades (n = 1) Individual drug details not disclosed (n = 2) Editorial (n = 17) Systematic review (n = 1) Duplicate search result (n = 1) Figure 1 . Identification of cohort studies to which American Society of Clinical Oncology (ASCO) scores and European Society for Medical Oncology (ESMO) grades were systematically applied. *ESMO-MCBS framework paper grades were included in the correlative analysis, where applicable. Table 1 . utilizing them, are novel. Also, our score/grade deviations (ie, 1-2 and 10-20) are arbitrary, and changing these values would change our findings; nonetheless, these deviations were determined a priori and are felt to represent substantial differences in the respective framework outputs. Finally, given the evolving nature of these frameworks, the scores/grades culled from these published studies may be obsolete with future revisions. For example, since the time of our initial search strategy, the ESMO-MCBS group has published v1.1 of their framework (16); although grades across identical cohorts remain relatively stable (7, 16) , grading thresholds have been modified to aid in future framework revisions.
In conclusion, value frameworks are remarkably reliable when assessing trials of anticancer therapies. At present, however, the absolute concordance is poor, but greater for ESMO-MCBS than for ASCO-VF. This is an important consideration for users placing an onus on absolute framework scores/grades, particularly if the outputs are used for public policy implementation and patient/doctor decision making. 
